The optimal strategy for common bile duct stones (CBDSs) encountered during cholecystectomy is yet to be determined.
C holecystectomy is one of the most common surgical interventions in the western world, and in Sweden alone, 12 000 to 13 000 patients undergo this procedure annually. In Sweden, most surgical units routinely perform intraoperative cholangiography during cholecystectomy, and in 10% to 15%, common bile duct stones (CBDSs) are encountered. 1 What measures should be taken in response to the intraoperative finding of CBDSs is controversial. Common bile duct stones might cause serious morbidity, such as pancreatitis and/or cholangitis; therefore, many surgeons traditionally advocate compulsory clearance of the bile ducts. 2 The interventional alternatives available are by themselves associated with various risks for morbidity and even mortality, [3] [4] [5] [6] and no consensus exists as to which is superior. [7] [8] [9] [10] The relation between risks associated with the interventions and the risk for complications due to CBDSs left without measures taken is not known. Data from several small studies suggest that spontaneous clearance rates of such CBDSs without complications might be higher than previously believed, [11] [12] [13] which raises the question whether an expectant strategy should be recommended, at least for small CBDSs. In Sweden, the nationwide Registry for Gallstone Surgery and Endoscopic Retrograde Cholangiopancreaticography (GallRiks) was established on May 1, 2005 . The aims of GallRiks were to obtain as complete a registration as possible for all procedures performed in Sweden and to provide the participating hospitals with information on results, including complications.
We used data from GallRiks with the following 2 aims: (1) to investigate what measures were taken when CBDSs were found intraoperatively in Sweden from May 1, 2005 , through December 31, 2009 and (2) to analyze the outcomes in terms of complications and success rates of bile duct clearance in relation to various stone sizes and strategies used.
Methods

GallRiks
GallRiks is financially supported by the Swedish National Board of Health and Welfare and approved by the Swedish Surgical Society. GallRiks uses an Internet platform (http://www.ucr .uu.se/gallriks/) with online registration of the procedures and a 30-day follow-up. Data from participating centers can be uploaded at any given time for analysis and comparison with national data. A continuously increasing number of Swedish centers have joined the registry. Thus, data in GallRiks from the years 2007, 2008, and 2009 represent approximately 70%, 80%, and 90%, respectively, of all cholecystectomies performed in Sweden compared with plain registration of surgical procedures from the Swedish National Board of Health and Welfare. Representatives for GallRiks perform audits at the participating units for validation of the data on a regular basis. In 2009, 67 of the participating 72 centers had been visited by such representatives, who confirmed a complete match of registered data with medical journals in 98%. 1 
Data Collection
The study was approved by the regional ethics committee of Stockholm. We collected data on age, sex, American Society of Anesthesiologists (ASA) physical status classification, acute or elective admission to the hospital resulting in procedures, present or previous symptoms of CBDSs (ie, pancreatitis, jaundice, or confirmed CBDS), size of CBDSs found on intraoperative cholangiography, strategy chosen for handling the CBDS, postoperative complications related to the CBDS within 30 days and/or known incomplete clearance of the bile ducts at 30 days postoperatively (unfavorable outcomes [UOs]), and the indication for and findings at any endoscopic retrograde cholangiopancreatography (ERCP) performed during or at any time after the cholecystectomy. Strategies, complications, clearance of the bile duct, and UOs were assessed separately.
The following 7 possible alternatives are given in GallRiks to register the selected CBDS strategy: 1. No measures taken intraoperatively or planned postoperatively 2. Preparation for postoperative ERCP 3. Laparoscopic choledochotomy 4. Open choledochotomy 5. Laparoscopic transcystic stone extraction 6. Intraoperative ERCP 7. Flushing and/or manipulation of CBDSs into the duodenum At the 30-day follow-up after the cholecystectomy, several different complications can be registered. Postoperative pancreatitis, cholangitis, or obstruction of bile duct/jaundice could be assumed to be related to the CBDS intervention or any remaining CBDSs and were therefore included in the analysis as present or absent. The presence of 1 or more of these categories was classified as a complication within 30 days.
Clearance of the bile ducts is normally evaluated only if remaining CBDSs are suspected postoperatively. Patients with such symptoms in whom CBDSs were confirmed were classified as having incomplete clearance at the 30-day follow up. Moreover, if an ERCP was performed at any time during the entire follow-up (0 days to 4 years) that was not a part of the primary strategy or otherwise planned, the result of that ERCP was evaluated. If a CBDS could be confirmed, the patient was also considered to have incomplete clearance. If a patient had incomplete clearance and/or complications within 30 days as defined above, this patient was considered to have a UO related to the strategy chosen for handling of the CBDSs.
Statistical Analysis
Results are presented as percentages, mean (SD), and odds ratios (95% confidence intervals) where appropriate. We used the 2-tailed t test for crude group comparisons of continuous variables. Crude associations between categorical variables were analyzed with χ 2 tests or the Fisher exact test as appropriate.
Baseline characteristics were analyzed to determine the univariate predictors of the UO variable. We then used multiple logistic regression to assess the adjusted association between specific interventions and outcome. The adjustment variables included age, sex, and ASA. P < 05 was considered statistically significant. All data were analyzed using commercially available software (STATA, version 10.0; StataCorp). Missing data for stone size excluded patients from analyses involving size. We had no reason to believe that the patients with missing data for stone size were unevenly distributed in the material.
Results
From the start of the registry on May 1, 2005, through December 31, 2009, 38 864 cholecystectomies were registered in GallRiks. Intraoperative cholangiography was performed in 34 200 procedures (88.0%), and, in 3969 of these (11.6%), 1 or more CBDSs were found. Two centers using GallRiks (Uppsala and Kalmar) were known to not register data on ERCP during this period, and all data (n = 141) from these units were therefore excluded from the study. Remaining data from GallRiks included 3828 patients with CBDSs for analysis. The distributions of age and sex in the 3828 patients with CBDSs were similar compared with all patients undergoing cholecystectomy during the study period ( Table 1) . However, a larger proportion of procedures in which CBDSs were found were performed during an admission for acute illness (Table 1) .
In 3452 of the 3828 procedures in which CBDSs were found (90.2%), the size of the largest stone was recorded in 1 of the following 3 categories: less than 4, 4 to 8, and greater than 8 mm ( Table 2 ). More than 50% of CBDSs were classified as being 4 to 8 mm in size. With increasing stone size, we found a statistically significant increase in rates of stones reported as symptomatic.
The distribution of UOs in relation to stone size is also given in Table 2 . In total, UOs were encountered in 513 of 3452 patients in whom CBDSs were found (14.9%). The rate of UOs increased with increasing stone size. However, the difference was statistically significant only between the smallest stones and the other 2 categories (P < .01). For each of the 3 stone size groups, we found no significant differences in rates of UOs between those patients classified as symptomatic or asymptomatic (data not shown).
Strategies Used
The distribution of different strategies used is shown in Table 3 . For all CBDSs irrespective of size, strategy 1 was chosen in 15.5%. Intraoperative or postoperative ERCP was the most commonly used strategy, and open choledochotomy was used in 20.4% of all procedures. With increasing size of CBDSs, we found a trend toward more invasive strategies used. Almost one-third of the smallest stones were left without measures taken (strategy 1), whereas slightly less than half of patients with stones of 4 to 8 mm underwent intraoperative or postoperative ERCP, and almost half of the patients with the largest stones underwent open choledochotomy.
Unfavorable Outcomes
All CBDS Sizes The rates of UOs, irrespective of stone sizes, are shown in Table 4 . After the use of strategy 1, UOs were recorded in 25.3% of patients. In a multivariate analysis adjusted for age, sex, and ASA classification, the alternative of taking any measure (strategies 2-7) was associated with a risk reduction of 56% for UOs compared with strategy 1 (odds ratio, 0.44 [95% CI, 0.35-0.55]) (Table 4) . Moreover, all individual strategies (2-7) were found to be associated with reduced risk for UOs compared with strategy 1 (odds ratio range, 0.18-0.66).
CBDSs of Less Than 4 mm
Rates of UOs after each strategy for CBDSs of less than 4 mm are shown in Table 5 . For strategy 1, the rate of UOs was 15.9%. Again, in multivariate analysis, all interventions together (strategies 2-7) were associated with lower rates of UOs. Regarding individual techniques, strategies 5, 6, and 7 by themselves were found to be associated with a reduced risk for UOs by 50% to 78% (odds ratio range, 0.22-0.50) compared with strategy 1 (P < .001), whereas no statistically significant difference was seen for strategies 2 to 4 ( Table 5 ).
CBDSs of 4 to 8 mm
Rates of UOs after each strategy for CBDSs of 4 to 8 mm are shown in Table 5 . For strategy 1, UOs were found at a rate of 36.9%, which was significantly higher than those for each of the other strategies (P < .001). Notably, UOs were seen only in 7.1% after the use of strategy 5 (transcystic extraction).
CBDSs of Greater Than 8 mm
Rates of UOs after each strategy for CBDSs of greater than 8 mm are shown in Table 5 . Strategy 1 was associated with the highest risk for UOs (26.5%). Again, the lowest rates of UOs were seen after transcystic extraction, but owing to the relatively small number of patients within each category of intervention, no multivariate analysis comparing individual strategies was performed. However, when comparing strategy 1 with all other strategies together (2-7), no significant difference in the risk for UOs could be confirmed.
Discussion
In this study consisting of 3828 unselected patients with CBDSs encountered during cholecystectomy, the strategies chosen for handling the stones varied markedly among the different sizes of stones. For all stones, the rate of UOs, as defined above, was 14.9%. This rate was significantly lower for smaller stones but was not associated with earlier or ongoing symptoms/signs of CBDSs. The major finding was that, for small stones, the choice of taking no measures was associated with a surprisingly high risk for UOs compared with intervention to clear the bile ducts, implying that the natural course for CBDSs found during cholecystectomy is not as favorable as earlier suggested. [11] [12] [13] For larger stones, several treatment options might be similarly recommendable, whereas for small stones (<4 mm), transcystic stone extraction and flushing/manipulation of the stone into the duodenum seem to be associated with the most favorable outcome.
To our knowledge, this report constitutes the largest data set to evaluate the outcome related to various treatment strategies when CBDSs are found during cholecystectomy. The rate of UOs increased with increasing size of CBDSs when strategy was not taken into account. The observation of a more frequent admission for acute illness in patients with CBDSs is a consistent finding in GallRiks. 1 Previous or ongoing symptoms caused by CBDSs were seen in 51.2% of included patients and were reported to be more common with increasing size of CBDSs. The risk for UOs was not influenced by occurrence of symptoms. This finding might seem unexpected because the presence of symptoms might have called for preparations with proper equipment and surgical competence. We could not, however, confirm any differences in strategies chosen depending on symptoms (data not shown).
When CBDSs are encountered during cholecystectomy, a decision on how to handle this finding is necessary. To make this decision, information is needed on the relation between risks associated with various interventional strategies and those associated with leaving the stone. Such information is, however, lacking today, primarily because the natural course of CBDSs found during cholecystectomy is largely unknown. To combine the risks associated with a specific strategy, we defined the composite variable UO as described above. A possible shortcoming with this variable is that it does not distinguish between the negative outcomes associated with a complication resulting from a primary interventional strategy itself or a complication caused by any remaining CBDSs. However, any of these complications could be considered a direct consequence of the decision to choose a particular strategy for CBDSs, and therefore the variable UO gives an estimate of the total risk for negative outcomes associated with that strategy. Choice of strategy is likely to depend on various factors such as technical equipment available, number of stones found, personal skills, and local traditions. Because the size of CBDSs is likely to influence the choice of strategy, we analyzed each of the 3 size categories separately. For small stones (<4 mm), the alternatives of no measures or flushing/manipulation were chosen in more than 50%. Somewhat surprising, the alternative to leave the stone was associated with UOs in 15.9%, which was found to be significantly higher compared with the combined alternatives (strategies 2-7) representing any intervention. This finding suggests that the natural course, also for small CBDSs found during cholecystectomy, might not be as uneventful as earlier suggested. [11] [12] [13] One possible explanation for these discrepancies might be our longer follow-up time compared with previous reports, ranging from 30 days to 4 years. Within specific stone size categories, the choice of technique depends on variables such as available competence, equipment, time of the day, etc. Such variables are difficult to control for in a register study; therefore, comparisons on outcome between individual interventional techniques must be considered more uncertain than comparisons between any intervention (strategies 2-7) and no intervention (strategy 1). Nevertheless, for stones of less than 4 mm, postoperative ERCP was associated with a high rate of UOs (23.7%), which is comparable to those reported earlier. 14, 15 Strategies 5, 6, and 7 were the alternatives associated with the lowest risk for UOs with small CBDSs. One might speculate that manipulation of the CBDS into the duodenum was more likely be chosen for the smallest stones within the category (<4 mm), which in turn might have contributed to the benign outcome. Also, because only 1 strategy can be registered in GallRiks, any unsuccessful attempt to clear the bile ducts with the use of this or any other strategy was never recorded. Thus, if a change of strategy occurred during the surgical procedure, the replacement strategy is reported and the failure of the abandoned strategy is never documented. Laparoscopic transcystic exploration was also associated with a particularly low risk for UOs (4.9%). This finding confirms suggestions of earlier reports that this approach is a safe and effective alternative. 14 For stones of 4 to 8 mm, more invasive measures were taken. The risk for UOs for strategy 1 was significantly higher compared with all other strategies (P < .001). For specific techniques, the difference in favor of intraoperative compared with postoperative ERCP remained, and transcystic extraction was associated with a particularly low risk for UOs with stones of 4 to 8 mm. In addition, laparoscopic choledochotomy resulted in low rates of UOs for small and medium CBDSs (8.3% and 8.9%, respectively). Only 625 patients had CBDSs greater than 8 mm in our material, making comparisons between different strategies more uncertain. Invasive measures were taken even more frequently, and open choledochotomy was chosen in almost half of all procedures. The rate of UOs for these procedures was 20.3%, which is similar to the rate of UOs after the same procedure in small and medium CBDSs (18.0% and 16.2%, respectively), suggesting that this risk is associated with the procedure itself rather than the size of the stones. Although chosen in a relatively small number of procedures, transcystic extraction of CBDSs was again associated with a low risk for UO. Strategy 1 had a 26.5% risk for UOs, but in multivariate analysis we were not able to confirm any significant difference compared with strategies 2 to 7, most likely owing to the small number of patients who followed strategy 1.
Our study has a number of limitations, including lack of information regarding the severity of complications that makes the group of patients with OUs heterogeneous. The number of CBDSs found on intraoperative cholangiography, which might influence strategy chosen and outcome, was not recorded. The inability to register more than 1 technique for clearance of bile ducts might also make direct comparisons between various strategies more uncertain. Any treatment for CBDSs before cholecystectomy or any data about patients with missed stones were not included in the analysis; therefore, the results and conclusions are limited to situations in which CBDSs are found during cholecystectomy. The major strengths of the study include the large population-based material and the high rate of inclusion of patients undergoing cholecystectomy in Sweden during the study period.
In the present study, we focused particularly on interventional strategy 1 (no measures) because this represents the natural course of CBDSs found during cholecystectomy. When the size of the CBDS was not considered, this strategy was associated with UOs in 25.3% of patients, which was a significantly higher risk compared with the alternative of clearing the bile ducts, irrespective of the technique used. The opinion seems to be relatively widespread that, for small CBDSs, the risk associated with taking no measures is low. [11] [12] [13] This view might also be supported by the fact that the alternative to leaving the stones was chosen in almost one-third of patients with CBDSs smaller than 4 mm. The major finding of this study is that, for small stones (<4 mm), the risk for a negative outcome is 15.9%, which in turn is statistically significantly higher compared with the risk after use of an intervention aimed to clear the bile ducts (P < .001). This risk did not seem to be related to the occurrence of previous or ongoing symptoms. 4 In a compelling study by Collins et al, 4 an intraoperative cholangiographic catheter was left in place when stones were found, and repeated cholangiograms at 48 hours and 6 weeks demonstrated normal findings in more than half of the patients, suggesting false-positive intraoperative cholangiographic findings or natural passage of the stones. Iatrogenic complications, availability, and experience related to laparoscopic bile duct exploration and ERCP remain areas of concern in this management schema. Given these variables, most surgeons in our academic practice perform selective cholangiography when evidence suggestive of CBDS is low, attempt CBDS flushing and/or manipulation, and obtain postoperative ERCP when clinically significant stones persist. Anecdotally, these procedures have resulted in a low rate of complications, avoided the technical and logistic demands of laparoscopic bile duct exploration, and minimized the incidence of open incisions. The availability of pertinent equipment, specialists, and technical ability varies among institutions, and therefore management algorithms must be individualized until these variables are more uniform among all surgeons' practices.
Conclusions
